Formula for calculating the 7N — 7w N cross sections
Prepared by T.-S. H. Lee (September 1, 2019)

In the center of mass frame, the momentum variables of the 7N — 7w N reaction with
invariant mass W can be specified as

a(ﬁa) + b(ﬁb) - C(ﬁc) + d(ﬁd) + e(ﬁe) ) (1)

where ji, = —, = k with k defined by W = E,(k)+ Ey(k), ot ps = —p. = K, and (c+d+e)
can be any possible charged states formed from two pions and one nucleon. The total cross
section of the process Eq. (1) can be written as
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where p; = Ww,i, f denote all spin (s,, S4,) and isospin (¢4, t,,) quantum numbers,
and >>; ; means summing over only spin quantum numbers. For a given invariant mass M4,

kieq is the relative momentum between ¢ and d in the center of mass of the sub-system (cd)
. It follows that k&’ and k.4 are defined by W and M,,:

Meq = Eo(keq) + Eq(kea) ,
W = E(K)+ Ea(k),

Eea(K) = Mz + (k). (4)

The T-matrix elements in the Eq. (3) are of the following form
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where R is a bare state which has R — cd decay channel. For the eR = 7A and eR = pN
channels, the self-energies are explicitly given by
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where ma = 1280 MeV, m, = 812 MeV, M,y(q) = Ex(q) + En(q), and M,.(q) = Ex(q) +
E+(q). The form factors fa_,rn(q) and f,.-(q) are for describing the A — 7N and p — 77
decays in the A and p rest frames, respectively. They are parametrized as:
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The o self-energy 3,y (k; E) is calculated from a 7w s-wave scattering model with a vertex
function g(q) for the ¢ — 7w decay and a separable interaction v(q¢’, q) = hoh(q")h(q). The
resulting form is
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In the above equations, m, = 700.0 MeV and the form factors are
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where gy = 1.638, hg = 0.556, ¢ = 1.02 fm, and d = 0.514 fm.
For any spins and isospins and c.m. momenta j and p’, the MB — M’'B’ T-matrix
elements in Eq.(6) are in general defined by
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where the matrix elements /sy p poon (P, 0, W) for M'B" = 7, 0N, pN are the PWA
from the ANL-Osaka model.

The matrix elements of H; of Eq. (6) describe the decay of a resonance R = A, p, o into
a two-particle state cd. It is of the following expression
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The vertex functions are
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where L2 = 1,528, =3/2, L¢, = 0,59 =0, L?, =1,5?_ = 1. Here it is noted that the
factor v/2 in Egs. (22)-(23) comes from the Bose symmetry of pions, and the phase factor
i and (—1) are chosen to be consistent with the non-resonant interactions involving mNA,
onm and prm vertex interactions. The form factors fa_.n(¢) and f,-(¢) have been in
Eqgs.(9)-(10) and ¢g(gq) in Eq.(16).

With the above equations, the contribution from 7N — A — 7w N to the total cross
section 07%_, v, as defined by Eq. (2)-(3), can be written as
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where k and Ea(k) are defined by W and M,y
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Yaa(k, W)is defined in Eq. (7), [a = —2Im[2,a(k = 0,W)], and
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where kg is defined by W = E (ko) + En(ko) and pup(k) = wkE,(k)Ey(k)/W. Similarly,
the contributions of TN — pN — 7N and 71N — o N — 7N to the total cross section
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where a = p, 0, k is defined by M., and W

1
k = W[(VVQ - M7%7r - m?\f)2 - 4M727rm?\7]1/27 (29)
Eq(k) = [m} + k"7, (30)

Yan(k, W) for aN = pN,oN are is defined in Eqs.(104) and (107), 'y = —2Im[X.n(k =
0, W)], and
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To perform calculations, we mneed to have the partial-wave amplitudes
t s psen (0, W) for M'B" = wA,pN,oN. These PWA from ANL-Osaka model
can be obtained from the webpage which present the following :
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Here the phase space factors account for the effects due to A — 7N, 0 — 7w and p — 7w
decays. Explicitly, we have

PaEA(pA)Er(pa)
W M

pra(pa) = 7 (33)

where pa and Ea(pa) are defined by W and the invariant mass M,y in the integrations of
Eqgs.(2) and (24)
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For the calculations of Eqs.(2) and (24), we thus present < 7A|T'(W)|xN > in the range
0 < pa < PAmax with

1
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For the pN and oN channels, we have
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For a = o and p, we have

1
Po = Gl (W2 = M7 —miy)? - AMZ m3 ]2, (39)
Ea(pa) = [MZ, +p2'. (40)

For the calculation of Egs.(2) and (28), we thus present < pN|T'(W)[7N > and <
oN|T(W)|rN > in the range 0 < p, < Damaz With

Pa,maz = W[(WZ - (2m7r)2 - m?v)z - 4(2mﬂ)2m?v]1/2 : (41)
The above equations are for the calculations of the 71N — 7w N through the resonant 7A,
oN and pN channels. There are also weaker contributions from the direct production mech-

anisms, as illustrated in Fig. 1, which can be calculated by using the procedures explained
in Ref. [? ].

\ ’ ’ ~ . ’ \ ’ ’ ~ 4 ’ ~ - ’
\ ’ ’ S e ’ ’ / N e / a_--Y ’

AY
R A - T s LT
N N N N A N A N N
(a) (b) (c) (d) (e)
\‘A\,v', ,v” \\‘A»\w”,:v” \\*A.Vw”,w” \\‘LVV’, ,v" --_""‘»’:- v’ ---"-,-’:_ v’
L7 75l N - \\»'\ - \\,": i gpac e gp
N N N A A N A A N A

® () (h) (i) ) (k)

FIG. 1: The considered vzn rrn-



